TREB5/hXBP-l/HTF is a basic region leucine zipper protein which binds to a cyclic AMP responsive element (CRE)-like element in both human T-cell leukemia virus type 1 and human major histocompatibility complex (MHC) class II genes. To analyze the structure and transcription regulation of the TREB5 gene, we isolated the mouse TREB5 gene and cDNA. The mouse TREB5 gene contains five exons and four introns and spans approximately 5 kb. The deduced amino acid sequence of mouse TREB5 exhibited 77% and 94% homology to human and rat TREB5, respectively. The b-zip structure is completely conserved in mouse, rat and human. Southern blot analysis of the mouse genomic DNA demonstrated that positive bands exactly coincide with those expected from sequences of the cloned genes, indicating that the mouse TREB5 gene is present as a single copy. The transcription start site of the mouse TREB5 gene was mapped to -15 bp upstream from the ATG initiation codon. Promoter analysis of serial deletion mutants revealed that the -142 bp upstream region is the minimum sequence to promote mouse TREB5 gene expression and that the -1.0 kb upstream region is required for full promoter activity.
Introduction
expressed in the liver and lung. Expression of TREB5 mRNA, especially the 5'-stretched form, is elevated in Tax-responsive element-binding protein (TREB) 5 was r a t hepatocellular carcinoma. During mouse embryonic originally isolated from human as a cellular factor which development, TREB5 expression is high in the bone, carbinds to the LTR 21-bp sequence of human T-cell tilage and exocrine glands, and low in most other tissues. 7 leukemia virus type 1 (HTLV-1) 1 and the X2 box in the Recently, TREB5-deficient mice have been shown to have promoter region of MHC class II genes. 2 Since TREB5 a n embryonically lethal phenotype associated with cellubinds to the CRE-like element and has a basic amino l a r necrosis in the myocardium and hypoplasia of the acid region-leucine zipper (b-zip) structure, TREB5 is heart. 8 The genes encoding human XBP-1/TREB5 9 and considered to be a member of the CREB/ATF fam-r a t HTF/TREB5 (DDBJ, AB030238) have been cloned; ily. TREB5 forms a stable heterodimer with c-Fos however, precise analysis of the transcriptional regulatory on the MHC class II gene promoters. Antisense RNA reg ion has not been performed. In the present study, we of the TREB5 or c-fos gene down-regulates the ex-report the primary structure of the mouse TREB5 gene pression of the class II genes, suggesting that TREB5 a n d the region required for full transcriptional activity, plays a crucial role in the immune system by regulat-These data provide a basis for evolutionary comparison of ing MHC class II genes. 3 -4 TREB5 was also discovered TREB5, permit further investigation of possible relationto be a hepatocarcinogenesis-related transcription factor s m p s to hepatocellular carcinogenesis, and increase our (HTF). 5 ' 6 In rat tissues, TREB5 is ubiquitous and highly understanding of expression regulation of MHC class II C o m r a u n i c a t e d b y M i s a o Qhki S e n e s a n d t h e development of the heart and bone. clones were screened with an EcoRI fragment (positions 1 to 1833; position 1 indicates the ATG start codon) of human TREB5 cDNA as a probe. 1 The probe was labeled with a [a-
32 P]dATP random-primed labeling kit (Takara, Kyoto, Japan). Hybridization was carried out in a buffer containing 4 x SSC, 5 x Denhardt's solution, 0.5% SDS and 50 /xg/ml denatured salmon sperm DNA at 65°C for 12-16 hr. The membranes were given a final wash in 0.5 x SSC/0.1% SDS at 65°C for 30 min and exposed to Kodak X-Omat films at -80°C for 14 hr. Positive clones were purified by three rounds of plating and screening. A phage DNAs of the positive clones were isolated according to standard procedures. 10 Mouse TREB5 cDNA was cloned by reverse transcription-PCR. Total RNA extracted from NIH3T3 cells was reverse transcribed with a RNA LA PCR Kit (Takara, Kyoto, Japan). The PCR method was as follows: initial denaturation at 94°C for 2 min, followed by 40 cycles of 94° C (denaturation) for 30 sec and 70° C (annealing and extension) for 2 min, and at 70° C for 5 min.
The primers used were the mouse TREB5 exon 1 forward primer (CGTTTC-CTGGCTATGGTGGTGGTGGCAG) and the exon 5 reverse primer (GAATTCAGGGTGATCCTCTTCT-GAAGAGCTT). The amplified fragment was inserted into the pGEM-T vector (Promega, WI, USA).
Restriction map construction and DNA sequence
analysis A phage DNAs were digested with appropriate restriction enzymes, electrophoresed on 0.8% agarose gels and stained with ethidium bromide, followed by hybridization with the human TREB5 cDNA probe. The hybridized fragments were subcloned into pBluescript II SK (-) or KS (+) (Stratagene, CA, USA), and their detailed restriction maps were obtained. The restriction fragments containing exons were again subcloned into the same vectors. The clones were sequenced on both strands by the dideoxy chain termination method using fluorescent dye-primers in an automated DNA sequencer, model DSQ1000 (Shimadzu, Kyoto, Japan). The sequences were analyzed using the DNASIS (Hitachi, Tokyo, Japan) and GENETYX (Software Development, Tokyo, Japan) software packages.
Northern blots
Total RNA was isolated from NIH3T3 cells and C57BL/6 mouse tissues by the guanidine isothiocyanate method.
11 Polyadenylataed (polyA) RNA was prepared using oligo deoxythymidylate (dT) cellulose chromatography. 10 Approximately 1 /xg of polyA RNA was electrophoresed on 1.2% agarose-formaldehyde gels and transferred by capillary blotting onto Biodyne B nylon membranes (Pall BioSupport, NY, USA). The probe was the 32 P-labeled PCR-amplified mouse TREB5cDNA containing the entire coding region. Hybridization was carried out in a buffer containing 4 x SSC, 5 x Denhardt's solution and 50 Mg/ m l denatured salmon sperm DNA in 50% formamide at 42°C for 12-16 h. The membranes were given a final wash in 0.5 x SSC/0.1% SDS, 1 x Denhardt's solution at 65°C for 15 min and exposed to Kodak X-Omat films at -80°C for 14 hr.
2.4-Genomic Southern blots
Mouse genomic DNA was isolated from C57BL/6 mouse thymus as described. 12 Approximately 10 /ig of genomic DNA was digested with appropriate restriction enzymes and electrophoresed on a 0.8% agarose gel. The DNA fragments were transferred by capillary blotting onto Biodyne B nylon membranes (Pall BioSupport, NY, USA). The probe was the 32 P-labeled PCR-amplified mouse TREB5 cDNA. Hybridization was carried out as with isolation of the mouse TREB5 gene. The membranes were given a final wash in 0.1 x SSC/0.1% SDS at 65° C for 30 min and exposed to Kodak X-Omat films at -80°C for 2 days.
Determination of transcription start site
Total RNA from NIH3T3 cells and normal mouse liver was used for primer extension and SI mapping analyses. Primer was designed according to the coding sequences of exon 1 (positions 41 to 70; position 1 indicates the ATG start codon). For primer extension analysis, the 5'-end of the primer was labeled with [7- 32 P]ATP using a T4 polynucleotide kinase. For SI mapping analysis, the labeled primer was extended by using a Klenow fragment, digested with appropriate restriction enzyme and used as a probe. Primer extension and SI mapping analyses were carried out as described. 10 The radiolabeled products were analyzed on polyacrylamide-urea gels. The position of the transcription start site was deduced by comparing the migration of the extended products with a sequencing ladder generated by dideoxy sequencing of the corresponding region of DNA using the same endlabeled primer.
Cell culture, DNA transfection and luciferase assay
To construct the 5'-deletion mutant series, a 4.5-kb Sac I fragment including exon 1 was deleted from the 3'-end to the ATG start codon by using mung bean nuclease. The ATG codon was replaced by an Xho I site. The resulting construct, the ATG-deleted mutant, was digested with Xho I and Pst I, Bgl II, BamHI, Hindlll, Pvu II or Sma I. Each fragment was inserted
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-H- into a promoter-less luciferase expression plasmid, pGL2-Basic (Promega, WI, USA). NIH3T3 cells were grown in Dulbecco's modified Eagle's medium supplemented with 5% fetal calf serum and plated at 5 x 10 5 cells per 60 mm dish. After 24 hr, the cells were transfected with the 5'-deletion series, pGL2-Basic or pGL2-Control (Promega, WI, USA) by the calcium phosphate precipitation method. 13 The pGL2-Basic was used as a negative control, and the pGL2-Control containing the SV40 early promoter and enhancer was used as a positive control. Forty-eight hours after transfection, luciferase activity was assayed using a Luciferase Assay System (Promega, WI, USA) and measured using a luminometer, model Lumen LB 9507 (EG&G BERTHOLD, Bad Wildbad, Germany). Protein concentration was determined by the bicinchoninic acid protein assay system (Pierce, IL, USA) using bovine serum albumin as a standard. Luciferase activity was normalized at the protein concentration and expressed as relative light units to the minimum promoter plasmid (-142 bp).
Results and Discussion

Structure of mouse TREB5 gene and cDNA
We isolated two overlapping mouse genomic clones that encompassed the mouse TREB5 gene, and determined 6.5-kb sequences including 1 kb upstream from the ATG start codon and 2 kb downstream from the TAG stop codon. By comparing the genomic sequences to the human XBP-1 / TREB5 and rat HTF/TREB5 cDNA sequences and the organization of the human XBP-1/ TREB5 and rat HTF/ TREB5 5 genes, 9 exon/intron splice junctions were postulated for the mouse TREB5 gene. The mouse TREB5 gene contained five exons and four introns, spanning approximately 5 kb (Fig. 1A) . The sequences of the exon/intron junctions are given in Fig. IB . The boundary sequences of GT and AG are highly conserved at each of the donor and acceptor splice sites. Exon 1 contains the N-terminus of the protein. Exon 5 contains the stop codon TAG. The mouse exon/intron splice junctions are all situated as in the human and rat TREB5 genes, although the sizes of the introns differ slightly. 9 No canonical polyadenylation signal of AATAAA was identified within the 2-kb 3'-flanking sequence from the TAG stop codon, whereas an atypical polyadenylation signal of ATTAAA was found 1.0 kb downstream from TAG. The human and rat TREB5 genes also contain an atypical polyadenylation signal of ATTAAA 1.0 and 1.3 kb downstream from TAG, respectively. Use of this polyadenylation signal results in a predicted message size of approximately 2.0 kb, which substantially agrees with the message size observed in Northern blot analysis ( Fig. 2A) . To confirm the deduced organization of the mouse TREB5 gene and the nucleotide sequence of the mouse TREB5 cDNA, RT-PCR was used to amplify a cDNA fragment spanning the entire coding region of mouse TREB5. The nucleotide sequence of the cDNA was completely matched with that predicted from the gene. The deduced amino acid sequence of mouse TREB5 exhibited 77% and 94% homology to human and rat TREB5, respectively (Fig. 1C) . The basic region and b-zip structures of mouse, rat and human TREB5 exhibited 100% identity. The PQ-rich region was also highly conserved in the three species. Thus, the structures of the TREB5 gene and its protein product are highly conserved across species. Mouse XBP-1 cDNA has been cloned (DDBJ, AF027963); however, the predicted coding sequence of the cDNA is slightly different from that of our cDNA. Moreover, the basic region of mouse XBP-1 is not conserved. The present analysis denied the existence of an alternative splice variant of mouse TREB5, indicating that it is not mouse TREB5 but instead might be a closely related protein molecule.
Northern blot analysis o/TREB5 in mouse
In order to determine the expression characteristics and message size of TREB5, mouse TREB5 cDNA was used as a probe and hybridized to polyA RNA from NIH3T3 cells and various adult mouse tissues. Expression of TREB5 mRNA was high in the liver, lung and thymus, moderate in the kidney, and low in the brain and spleen. A single transcript of 2.0 kb was observed in NIH3T3 cells and tissues ( Fig. 2A) . In the rat liver, the TREB5 gene was transcribed as 2.0-and 2.5-kb mRNAs.
5 ' 6 The 2.0-kb mRNA is a major transcript in the normal liver, whereas the 2.5-kb mRNA is a major transcript in hepatocellular carcinoma. We could detect only the 2.0-kb mRNA in the NIH3T3 cells and normal tissues even after 7 days exposure, suggesting that the 2.0-kb mRNA is a major transcript in normal tissues and NIH3T3 cells.
Southern blot analysis of mouse TREB5 gene
Southern blot analysis of mouse genomic DNA with mouse TREB5 cDNA as a probe is shown in Fig. 2B . Genomic DNA digested with EcoRl, Xba I, Bgl II and Hindil! displayed a single restriction fragment with a specific length in each case. In the BamHI and Sac I digests, the TREB5 gene was detected as three or two restriction fragments, respectively. These results exactly coincided with those expected from the A clones of the gene, indicating that the mouse TREB5 gene is present as a single copy. Although the TREB5 pseudogene is found in the human genome, 14 there is no pseudogene in the mouse genome.
3-4-Determination of transcription start site
To determine the transcription start site for the mouse TREB5 gene, SI mapping and primer extension analyses were performed with total RNA from NIH3T3 cells and normal mouse liver. We obtained only one major signal at -15 bp upstream from the ATG start codon (position -15) in both analyses (Fig. 3A,B) . Moreover, 5'-RACE analysis demonstrated that the longest products extended to position -15 (data not shown). These results suggest that the major transcription start site of the mouse gene is position -15 in normal mouse tissues, although the human gene is reported to start from position -130 by primer extension analysis. 13 
Promoter activity and 5' -flanking region
To define the full promoter activity of the mouse TREB5 gene, we constructed a series of 5'-deletion mutants and assayed their luciferase activity in NIH3T3 cells (Fig. 4) . The deletion mutants including the regions over -1.0 kb 5'-upstream possessed high activity as well as the SV40 early promoter and enhancer. However, the mutants, including the -191 and -142 bp 5'-upstream regions, resulted in a 63% decrease in promoter activity. These results indicate that the -1.0 kb upstream region is required for full promoter activity and that the transcription factor binding sites in this region were essential for the activity.
We then determined the sequence over -1.0 kb upstream from the ATG start codon of the mouse TREB5 gene and compared it with those of the human and rat genes. 9 In the human gene, the Alu repetitive sequence is present at the position between -1169 to -482, and the sequence over -1350 has not been determined. Therefore, 482 bp of the 5'-flanking region of the human gene were compared. No canonical 'TATA' box was found in the proximal region of the transcription start site in the mouse gene, a finding inconsistent with human and rat genes. 9 Although a 'TATA' box-like sequence was located at position -922 in the mouse gene, the sequence was deemed nonfunctional because of the distance to the transcription start site. The nucleotide sequences of the -150 bp upstream region are highly conserved in the three species. Promoter assay of human TREB5 gene in Raji cells has demonstrated that the -145 bp upstream region has essential transcriptional activity. 13 This combined with our results from the promoter assay indicate that the -142 bp upstream region is the minimum se- quence required to promote mouse TREB5 gene expression.
There are many putative binding sites for transcription factors in the 1.0 kb upstream region including the -150 bp (Fig. 5) . Two 'CCAAT' boxes, one SP1, an activator protein-2 (AP-2) binding site, xenobioticsresponsive element (XRE) and CRE were all conserved in this region of the mouse, human and rat genes. An H-APF-1 binding motif has been found at around -330 in the mouse and human gene, and our data confirms that H-APF-1 binding motif-like sequence occupies a similar position in the rat gene. Three potential binding sites for bHLH were also conserved in the mouse and rat gene. High conservation of these motifs might be requisite for transcriptional regulation of TREB5. XRE-binding factor and H-APF-1 are known as hepatocyto-related factors.
15 " 17 These factors may regulate the expression of the TREB5 in the normal liver. Two bHLH transcription factors, dHAND and eHAND, express in the embryonic heart and are critical in morphogenesis of the heart. 18 TWIST, also a member of the bHLH transcription factor family, is involved in osteogenic gene expression and differentiation of the osteogenic cell lineage. 19 These factors may regulate the expression of TREB5 in the heart and osteoblast. The 5'-flanking regions of the TREB5 gene contain a number of interesting transcription factor binding motifs which suggest a complex regulatory mechanism. The existence of many transcription factors would contribute to a wide-spread expression pattern of TREB5. Further investigation of the TREB5 promoter region is needed to understand the molecular mechanism of expression.
